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AN ECOLOGICAL APPROACH: A VIABLE OPTION FOR
AQUACULTURE INDUSTRY IN MALAYSIA
ABSTRACT
AquaculturesectorinMalaysiaispoisedtoplayamajorroletocompensateforthedeclining
capturefisheries,andis expectedtoemergeasoneof themajoragriculturalcontributors
tothenationaleconomy.Theindustryis anticipatedtoincreasetheproductionto600,000
mt, generatingreturnsup to US$2.63billion by 2010. This is a significantincreaseof
approximately360%inproductioncomparedtothecurrentproductionof167,894mtvalued
atUS$255.34million.
Aquacultureinvolvesutilizationof naturalresourcesuchascleanwater,vasttracksof
land, feedmaterialsand fertilizersto producedesirableproductswith simultaneous
productionof organicandchemicalwastes. Thus, thesuccessfuldevelopmentof this
sectoris dependentonthenation'sabilitytoutilizeitsresourcesefficientlyandsustainits
growthwithoutadverselyaffectingtheaquaticenvironment.At present,mostaquaculture
practicesinMalaysiagenerateadverseimpactsonaquaticenvironment,theveryresource
thatdeterminethesUccessand thesustainabilityof theaquacultureindustry.Wetland
habitatssuchas mangroves,estuaries,sea-grassbeds,coral reefsand mudflats are
particularlyvulnerable,especiallywhentheimpactsexceededtheecosystem'sresilience
andcarryingcapacity.However,carryingcapacityinvariousecosystemsi poorlyknown
andthusthetendencytoexceedtheupperlimitseemstobecommoninmostenvironments.
Adverseimpactsassociatedwith aquaculture,especiallytheintensivesystems,include
habitatdestruction,dischargeof effluentswith high organiccontents,contaminationof
the aquaticenvironmentwith chemicals,eutrophication,diseaseoutbreak,effectsof
escaped-exoticspeciesanddecreaseinbiodiversity.
Ecologicalapproachbasedontheefficientuseofenergysourcesalongthefoodchainwith
suitablemicrobialloop to processthewastesis oneviableoption to ensurethatthe
aquacultureventureis commerciallyviableand sustainable.In thefaceof scarceraw
resourcessuchas land and water,appropriatemeasuresarenecessaryto ensurethat
aquacultureindustrydoesnotcauseirreparabledamagetotheaquaticecosystems.Areas
with themostpromisingimprovementsfor aquaculturepracticeincludeintegrationof
aquaculturefacilitieswiththenaturalecosystemsandotherrelatedactivities,reductionof
allochthonousloadingsthroughbettermanagementof externalenergysources(feeds,
fertilizers,chemicals),efficientutilizationof foodsourcesalongthefoodchainthrough
biomanipulation and biocontrol, maintaining efficient microbial loop through
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bioremediation,wastetreatmentusingbiologicalprocessesandthepossibilityof using
recyclingsystemfor efficientuseofwatersupply.
Ecologicalapproachinaquacultureindustryneednotbelimitedtoproducingproductsat
low levels.With themodernbiotechnologyandengineeringknow-how,methodscanbe
designedtoharnessthenaturalresourcestomaximizeaquacultureproduction,andatthe
sametimeprotectthevaluableenvironmentfromtheadverseimpactsassociatedwith
aquacultureactivities.
•
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INTRODUCTION
Aquaculture,thefarmingof animalsandplantsin aquaticenvironment,is becomingan
importantindustryworldwidetocompensatethedecliningcapturefisheriesandtorelief
pressureon themarineresources.World aquacultureproductionis growingmorethan
10%per year,comparedwith 1.5%capturefisheriesand3%livestock(FAO,2001).The
rapidgrowthof aquaculturein therecentyearsinvolvedsmall-scaleventuresaswell as
large-scalenterprises;fromlowvaluecropsforlocalconsumptiontohighvalueproducts
forinternationalmarkets,whichcontributesignificantlytoforeigncurrencyearning. The
growthis expectedtocontinuewithAsianregioncontributingapproximately90%of the
world's aquacultureproduction(FAO, 2001).Aquacultureindustry,which involves
differenttechniquesfor hundredsof fish speciesand aquaticinvertebrates,has great
potentialfor theincreasein productionof food,healthandcosmeticproducts,aswell as
alleviationofpoverty,andgenerationofwealthfornationswith vastwater-bodies.
Althoughtheproductionsystemsmaydifferfromregiontoregion,dependingthetypeof
speciesculturedand relatedenvironmentalfactors,all formsof aquacultureinvolves
utilizationof naturalresourcesandmanipulationof biologicalsystems.It involvesthe
useof resourcesuchascleanwaterandvasttracksofland,feedmaterialsandfertilizers
to producedesirableproductswith simultaneousproductionof organicwastesand
chemicals.Thisorganicwaste,whichis aninevitableconsequenceofaquacultureactivity,
would notbeharmfulaslongasits loadinginto theenvironmentcanbeprocessedand
recycledefficientlyinto the ecologicalfood chain. Problemsarisewhen aquaculture
practicesdo notaddressconcernstominimizeorganicwastestosuittheenvironmental
carryingcapacity,andrefrainfromusingharmfulchemicalsandintroductionofuntested
exoticspecies.Duetohighcostassociatedwith minimizingenvironmentalimpactsfrom
aquaculturepractices,mostaquacultureactivitiescauseseriousundesirableimpactssuch
as pollution,transferof new pathogensand escapeof exoticanimalsinto thenatural
environment.
Ironically,thesuccessof aquacultureactivityverymuchdependson thequalityof the
naturalenvironment.By dischargingeffluentsinto thewater-bodiesthatsupplywater
fortheculture,theindustryisunderminingitsownsustainability.Thisisprobablybecause
theadverseimpactsareusuallymaskedin theearlystageofthefarmingduetothedilution
effectin vastwater-bodies.Thus,mostaquacultureventuresareprofitableonly for the
first few years,and subsequentlyyields begin to declinewith the manifestationof
eutrophication(Yusoffet al. 2001a). This paperpresentsthestatusof aquaculturein
Malaysia,itsimpactstotheaquaticenvironmentandsomeof theoptionstoovercomethe
challengesofsustainingoptimumproductionin aquacultureindustry.
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MALAYSIAN FISHERIES INDUSTRY
Malaysianfisheriesindustrycontributesignificantlytothenationaleconomy.Theannual
fish production,per capitafish consumptionandthefisheriessectoremploymenthave
beenin theincreaseoverthepastdecade.Totalfishproductionin 2000contributed1.454
millionmtvaluedatUS$1.413billiontothenationalfishsupply,whichwasequivalento
1.6%to thecountry'sgrossdomesticproduction(DoFM,2000),Theindustrysupports
about103,768peopleor 1.28%of thetotallabourforcein Malaysia(DoFM, 2000),The
developmentof fisheriessectorin Malaysiais expectedto emergeasoneof themajor
agriculturalcontributorsto thenationaleconomy,bothasa sourceof foreignexchange
andmoreimportantlyasasourceofanimalprotein,
Beinga land rich in aquaticresources,inevitablyfish becomesan integralpart of the
Malaysianlife.Thenationalpercapitafishconsumptionof 57.7kg is muchhigherthan
theAsianaverageof28.0kg andtheworld'saverageof 15.8kg (Williams,2003).In fact,
fishandfisheriesproductsform60-70%ofthetotalproteinintake,indicatingthevitalrole
of theseaquaticresourcesin thenutritionalstatusof theMalaysianpopulation(Wan
RahimahandAdinan,1992;Mohd.Mazlan,1997;2000).Withthedwindlingcatchfrom
theseas,thedevelopmentof aquaculturesectorin Malaysiais expectedtoemergeasone
of themajoragriculturalcontributorsto theproteinproductionandnationaleconomy.
However,thesuccessfuldevelopmentof thissectoris dependentonthenation'sabilityto
exploitresourcesefficientlyandsustainitsgrowthwithoutadverselyaffectingtheaquatic
environment.
AQUACULTURE PRACTICES
Theaquacultureindustryin Malaysiabeganin theearly1900'swhenChinesemigrants
culturedChinesecarpsin oldminingpools,initiallyasasupplementaryfoodsource,and
eventuallyonacommercialscale(Ong,1981).In theearlydays,theculturesystemswere
mainly extensive,relyingmainly on naturalenergyof thesystems.Major eventsin
aquacultureoccurredin the1970'swiththeintroductionofcageaquaculture,greenmussel
cultureandoysterfarmingin Sabah(Shariffetal.,1998).Theinvolvementof corporate
sectorsin theindustryin 1980smarkeditstransformationfromthesubsistenceleveltoa
marketdrivenventure.However,commercializationof fisheriesproductshasresultedin
intensificationof theculturesystemwith concomitantincreasein stockingrates,feeding
ratesandwasteproducts.
Aquacultureproductionin2000was167,894mtvaluedatUS$255.34million(DoFM,2000),
whichformsabout11-12%ofthetotalfishproduction.AquaculturegrowthinMalaysiais
relativelyslowwith anaverageannualincreaseof0.5%comparedtotheworld'saverage
of 10%.StrongsupportfromtheGovernmentin anattemptoincreasetheproductionto
600,000mt,generatingreturnsup toUS2.63billionby 2010,hasgivenanimpetusto the
expansionofaquacultureindustryin Malaysia(Figure1). Freshwateraquaculturesector
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produced50,688mtin 2000,anincreaseofabout36%comparedtotheproductionin 1996
(DoFM, 1996;2000).In thesameyear,marineaquacultureproduced117,206mt of fish/
shellfish/seaweedvalued at US$117million, that is 35%higher comparedto 1996
productionofonly87,075mt.
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Figure1: Trendof aquacultureproductionandvaluefrom1991to2000
Thereareseveralsystemsthatareemployedinaquacultureproduction.Themostcommon
areponds,whichareusuallyexcavated.However,in someareas,oldtinminingpoolsare
alsousedfor fish culture.The cultureof fish in floatingnetcagesalsorepresentsan
importantaquaculturesystemand is normally carriedout in deepermining pools,
reservoirsand lakes. Aquariumfishfarmingusesa combinationof aquaria,tanksand
smallponds. It is oneof themostrapidlydevelopingsectorsin theaquacultureindustry
with annualproductionexceeding306million piecesvaluedat aboutUS$18.9million
(DoFM,2000)
Thebiggestproportionoflocalaquacultureproductioniscontributedbythecockles(38.4%;
Table1).Thisisfollowedbyfreshwaterpond(23,1%),andbrackishwaterpondaquaculture
(10.4%).Seaweedfarming,which is currentlyproducedonly in Sabah,hasbecome
increasinglyimportant,contributing9.6%to the totalaquacultureproduction. Cage
aquacultureproductionhasstagnatedaround6,000-8,000mt/year.
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Table1. Aquacultureproductionin Malaysiafor2000(DoFM,2000).
System ProductionValue
Mariculture
(mt)%(US$'000)%
On-bottomfarmingof cockles
64,396.2538.413,329.905.2
Rackandraftcultureofm ssels
11 068 916 6,444.45
Raftcul ureofoysters
231.830.1449. 0
Seawee
6 124 809 682 7
BrackishwaterAquacultur Pondcultureof crustaceansandfinfish
7 41 190, 12.451.
C gecultureofmarinefinfish
7,965.5727 7 110.9
Subt al(CoastalAquaculture)
7, 05. 66 85 6
F eshwaterAq c lture finfishandcrustaceans
38 8 2 78366 32
Mining poolcultur f finfish
4 7 685 95
fi fish
2 453 9
T n cultureof finfi
9 006 3
P Cultu e
50 78
F shw terAq aculture)
4380 5
Gr ndTot l
; 93 9255,348.14
PondAquaculture
Pondculturerepresentsthemostdominantculturesystememployedin thecountry.Ponds
areusedforcultivationoffreshwaterfishandprawnsaswellasmarineshrimps,especially
thepenaeids.In 1995,therewere31,350pondswith agrosssurfaceareaof9,150hain the
country,but in 2000,thenumberof pondsincreasedto43,578with anareaof 12,217ha
(DoFM,1996;2000).In addition,thereare379used-miningpoolswithatotalsurfacearea
of1,635hausedforaquaculture.Theseminingpoolswerepartofalargerresourceofover
4,300disusedminingpools,coveringanareaof 16,440ha,especiallyin Perak,Selangor,
JohoreandPahang,whereminingwasonceanimportanteconomicactivity(Yusoffand
Gopinath,1995).Besidesaquaculture,theseminingpoolsarealsousedfor watersupply,
recreationandwastedisposal.
Freshwaterpondaquacultureisthemajorcontributorinaquacultureproduction,producing
morethan61% of totalpondoutputfor thelastfiveyears(DoFM, 1996;2000).However,
brackishwaterpond commoditiesCOntributedsignificantlyhigherearningsof US$130.3
million comparedto US$66.2million fromfreshwaterponds(DoFM, 2000).Themain
commoditiesproducedin thebrackishwateraquaculturesub-sectorarepenaeidshrimps
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and finfish, particularly the seabass (Lates calcarifer),mangrovesnapper (Lutjanus
argentimaculatus),andgrouper(Epinephelus p.)
Shrimpis themostimportantcommodityfrom brackishwaterponds,accountingfor
approximately91%of thebrackishwaterproductionand95%of itsvaluein 2000.The
mainshrimpsrearedarethepenaeid,especiallythetigershrimp,Penaeusmonodon,which
accountedfor98%ofcrustaceanproduction.Othercrustaceanspeciesarebananashrimp
(P.merguiensis),andmudcrab(Scyllaserrata).
Tigershrimpproductionhasbeenincreasingsteadilyovertheyears.Productionof 1997
hasexpandedby 224%fromthe1991productionof 2,895mt (Fig.2).This increasein
productionis partlydueto the61%increasein thepond area.In addition,production
increasewasalsobroughtaboutfromintensificationof production.Despiteintractable
diseaseproblemsfacedbymanyfarms(Wangetal.,1999),unitproductionincreasedfrom
1.8mt/ha in 1991to 2.6mt/ha in 1995,an increaseof 44%.In 2000,unit production
decreasedtoapproximately2.4mt/haduetotheoccurrenceofwhitespotsyndromevirus
in mid andlate1990's.
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Figure2: Trendsofvalue,productionandareafor shrimpfrom1991to2000
CageAquaculture
Thecultureof fishin floatingcageswasintroducedintothecountryonly in early1970's
(ChuaandTeng,1977).It hassincebecomeamajorindustryin itsownrightparticularly
in theproductionofmarinefish. Therehasbeenasignificantincreasecageculturearea
from326,390m2 in 1991to794,785m2 in 1995,andto1.04millionm2 in 2000.Production
in2000amountedto11,895mt,givinganaverageproductionofabout11.5kgm-2, compared
to9.2kgm2 in 1995(DoFM,1996;2000).
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In 2000,freshwatercageaquaculturecontributedabout7.8%of thetotalfreshwaterfish
production. Red tilapia (66%)is themainspeciesrearedin cagesfollowed by patin
(Pangasius,21%)andrivercatfish(Mystus nemurus,6%).Themainmarinefinfishreared
incagesaretheseabass,andtheredsnapper,whichin2000,accountedfor80%ofthetotal
cageaquacultureproduction.Otherorganismsrearedin cagesincludethegroupers,red
tilapiaandcrabs.
Yield increasein cageaquaculturecamefroman intensificationof production.Despite
intractablediseaseproblemsfacedbymanyfarms(ShariffandArulampalam,1996),unit
productionfrommarinecagefarmsincreasedfrom7.1kg/m2 in 1991to 9.4kg/m2, in
2000.As withshrimpfarmers,increasingproductionefficiencieshadalsoledtoadditional
tonnage.Thefluctuatingproductionhoweverimpliesthatsomekind ofupperlimitmay
havebeenreachedwheretheseefficienciesareconcerned.
IMPACTS OF AQUACULTURE PRACTICES ON THE
ENVIRONMENT
TheDepartmentofFisheriesstatisticshowthattheincreasein aquacultureproductionis
due to theboostof a few species,mainlyfrompond andcageaquaculture.Thus,the
severityofimpactsontheenvironmentwouldroughlymirrortheproductiontonnage.In
addition,all theenvironmentalimpactsof aquaculturearedependenton thesensitivity
andtypeof aparticularecosystemaswell asthetypeof farmpractice.Theamountof
aquaculturewastesandthustheirimpactsontheenvironmentarecloselyrelatedto the
culture method, cultured species, feed-type and farm managementpractices.
Environmentalimpactsassociatedwithextensiveculturesystemsareconsideredminimal
asthesystemsmimictheenergyflowfoundinnaturalecologicalsystems.In semi-intensive
and intensiveculturesystems,on theotherhand,high stockingratesnecessitatehigh
loadingof allochthonousfeedmaterials,fertilizersanddrugs.In addition,highstocking
ratesalsoresultsin highmetabolicwaste,suchasammoniafromtheculturedorganisms
(Shishehchianetal.,1999).Duetohugeamountofcapitalneededtoensurecleandischarge,
mostaquacultureoperatorsin thecountrydonottreatwaste-watersbeforedischarge.
Wetlandhabitatssuchasmangroves,estuaries,sea-grassbeds,coralreefsandmudflats
areparticularlyvulnerable,especiallywhentheimpactsexceededtheecosystem'scarrying
capacity.However,carryingcapacityinvariousecosystemsi poorlyknownandthusthe
tendencytoexceedtheupperlimit seemstobecommonin mostenvironments.Adverse
impactsassociatedwith aquaculture,especiallytheintensivesystems,includehabitat
destruction,dischargeofeffluentswithhighorganiccontents,contaminationoftheaquatic
environmentwith chemicals,eutrophication,diseaseoutbreaks,effectsof exoticspecies
anddecreasein biodiversity.
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HabitatDestruction
Manyaquaculturepracticesinvolveclearingofwetlandsandutilizinglandareasdevoted
to othercropssuchasricefields. One of thelargestusersof thesewetlandsis shrimp
farming.Globally,shrimpindustrygrewatanannualpercentageofabout16.8%between
1988to 1995.Theworld's penaeidshrimpproductiontotaled942,000tonneswith the
tiger shrimp,P.monodoncontributingabout52%of the total. Cultured shrimpsare
predominantlyproducedin Asia with Thailandas thelargestworld's producer(FAa,
1997).Rapidexpansionof shrimpculture,drivenby highdemandandprices,ledto the
destructionof vastareasof mangroves(Table2),disruptingthebalanceof thishighly
importantecosystem.
Mangrovesareknowntobeoneofthemostproductiveecosystemsin theworldsupporting
thebillion dollar fishingindustryin theadjacentseas.Thehighly complexandstable
mangroveecosystemserveasthespawning,breedingandnurserygroundsfor many
speciesof fishandaquaticinvertebrates.Thus,theseecosystemsplaya verysignificant
rolein sustainingfisheriesresourcesthroughthetidalflushingof nutrientsanddetritus
thatformthefoodbasefor thefisheriesproduction,notonlyin thecoastalareas,butalso
theoff-shorewaters.Studieshaveillustratedthatseas,whichhavemangrovesin their
coastalareas,have higher fish catchcomparedto thosewithout mangrovebelts
(MartosubrotoandNaamin,1997;SasekumarandChong,1987).Othernaturalfunctions
ofmangrovesincludeshorelineprotectionfromerosion(SallehandChan,1988)aswell as
sanctuariesforwildlife,suchastheaquaticbirds.
Table2. Mangroveareasin shrimpproducingcountries
Country Tot.MangroveAreaClearedAreaforRefe enc s
Area(ha)
shrimpfarming
Malaysia
641,17230%1%Cho ,2001
Thailand
372 488(1961)168,0 (1993)64% (1993)Y shiro, 997
Philippines
450 000 28Z mora, 89
310,275(1988)
2 ,457(1988)
Indonesia
4 mill.Na(5 ) 00, 0P illips,
Aquaculturepondsexcavatedinmangrovesareashaveacidicbottomsoilwith low pH of
lessthan4. Productivityin pondsfromtheseareasis low andtheoperationcostis high.
In addition,theeffluentsreleasedtothepublicwatersmayalsobeacidicandcauseadverse
impactstothebiologicalcommunities.
Otherhabitatchangesduetobrackish-wateraquacultureincludesalinesoilin ricefields
andsalinewaterin freshwater-wells.In addition,theuseof largeamountgroundwater
hasled to groundsubsidence.In early1990s,massiveuseof groundwaterin a2000-ha
lC00572874
FatimahMd. Yusoff:An EcologicalApproach: A ViableOptionfor AquacultureIndustryinMalaysia
aquaculturefacilityin Nenasi,Pahangcausedwellstodry,saltwaterintrusionandbeach
erosion(Raman,1997).
Eutrophication
Eutrophicationis organicpollutionassociatedwithmassivebloomsofnoxiousalgae,low
dissolvedoxygen,andhighconcentrationsof toxiccompounds,resultingin undesirable
changesin biotic communities,such as shift in dominantspeciesand decreasein
biodiversity. Generally,high levelsof phosphorusandnitrogenarethetwo important
factorsleadingtoeutrophication,especiallyin tropicalwaterswhereotherfactorssuchas
lightandtemperaturedonotusuallybecomelimitingforalgalgrowth(YusoffandMcNabb,
1989).In fact,theavailabilityof thesenutrientsdeterminethetrophicstatusof different
waterbodies(Yusoffetal.,1997).Shallowlenticsystemsarevulnerabletoeutrophication
duetonutrientcontributionsfromtheenrichedbottomsediment(YusoffandSharr,1987;
YusoffandPatimah,1994;YusoffandAnton,1997).Deepreservoirswherevegetations
werenotremovedprior tofloodingarealsorichin nutrientsin thebottomlayers,butthe
strong thermalstratificationfound in tropical areasusually preventsthe onsetof
eutrophication(YusoffandLock,1995;Yusoffetal.,1998b).However,thesereservoirsare
veryvulnerableto additionalnutrientloadingsfromoutsidesources,suchasdomestic
effluentsor cageaquaculture(Yusoff,1996).This is becausethereceivingsystemshave
limitedcapacitytoassimilateconcentratedandregularpulsesofnutrientenrichedwater,
especiallythosesystemswithhighlyenrichedsedimentandhypolimnion.At somepoint,
thecarryingcapacityof thewater-bodyis exceededwhichresultsin negativeimpactson
theenvironmentaswell asthelocalfaunaand-flora(LawandYusoff,1997).
Manyanthropogenicactivitieswithmassiveuseofnutrient-richproducts,especiallyagro-
industries,havedramaticallyenhancedeutrophicationby increasingthenutrientinput
intowater-bodies.In fact,intensivedevelopmentsuchaquaculturehasbeenaccompanied
by strongcontroversiesontheenvironmental,economicandsocialimpacts.
In mostcasesin Malaysia,shrimpfamingwouldbelucrativeforthefirstfewyearsbefore
it is plaguedby differentdiseaseproblemsresultingin cropfailuresandlow production.
Part of theproblemwas thelackof treatmentfacilitiesfor effluenttreatment.Wateris
dischargedfromtheponds,usuallydrainedintotheseaor estuaryin raw form,notfar
from theintakepoint. Theexistenceof manyshrimpfarmsin estuarineareas/coastal
areasacceleratedtheeutrophicationof thesurroundingseas.In suchareas,waterhasto
be treatedbeforeusefor theculture.Yusoffetal (2001a)showedthatin theuntreated
ponds,thenoxiousblue-greenalgaeformed89%of thetotalphytoplanktonpopulations,
whilstgreenalgae,diatomsandeuglenoidseachcontributed9%,2%and<1%respectively.
In thetreatedpondshowever,thebeneficialdiatomsdominated(61%)thephytoplankton
populations,followedby greenalgae(17%),bluegreenalgae(8%),brown algae(7%),
dinoflagellates(5%)andeuglenoids(3%).Meantotalammonia-nitrogeni theuntreated
pondswas335.0±77.0~g/Lwhilein treatedponds,it wasbelow100.0~g/L.
FatimahMd. Yusoff:An EcologicalApproach: A ViableOptionfor AquacultureIndustryinMalaysia
Phytoplanktoncommunitiesareanessentialcomponentof mostaquaculturesystemsas
theyformthebaseof thefoodchain,producedissolvedoxygenandassimilateammonia,
which would be otherwisetoxic to cultured animals. Their temporaland vertical
distributionsarecloselyrelatedtothechangesinwaterqualityaswellasbioticinteractions
(Yusoffetal.1998b;Yusoffetal.2002a).Inpristinemarinetropicalwaters,diatomsnormally
formmorethan80%ofthetotalphytoplankton.Withtheonsetofeutrophication,diatom
populationsdecreaseandothergroupsofalgae,suchasdinoflagellatesandcyanobacteria
persist(Yusoffetal.,2002b).
Phytoplanktondominancedoesnotonlyaffectwaterqualitybutalsotheotherorganisms
along the food chain. Centric diatoms have been classed as the most desirable
phytoplanktonin coastalwaters(RytherandOfficer,1981)becausetheyareimportantas
fooditemsforhigherconsumers,donotformnoxiousalgalbloomsandarenottoxic.On
theotherhand,cyanobacteriareconsiderednuisanceastheyarerelativelypoorbasefor
aquaticfoodchains,impartunpleasantflavourstowaterandfish,producecompounds
whicharetoxictoaquaticanimalsanddeterioratewaterquality(PaerlandTucker,1995).
Yusoffetal.,(2001a)showedthatcyanobacteriaformedapproximately90%of thetotal
phytoplanktonpopulationsin pondswith eutrophicwaterscontaininghigh meantotal
ammonia-nitrogen(335.0±77.0flg/L). Intheseponds,beneficialalgae;greenalgae,diatoms
and euglenoidstogethercontributedlessthan10%of thetotalphytoplankton.In less
enrichedponds, diatomswere dominant contributing approximately60%,whilst
cyanobacteriacontributedlessthan10%of thetotalphytoplankton.Culturepondswith
eutrophicwatersfrom theseasor estuariesshowedthatcyanobacteriawas domin.ant
throughoutheculturecycle.Underthiscondition,theoccurrenceoffrequentalgalcrash
resultedin poorwaterqualityandlow shrimpproduction.
Ourstudyonnutritionalanalysesoffivetropicalmarinephytoplanktonrepresentingreen
algae,yellow-brownalgae,diatomsandcyanobacteria,indicatedthatcyanobacteriawas
found tobepoorerin nutritionalcontentssuchasprotein,essentialaminoacids,lipids
and polyunsaturatedfattyacidscomparedto diatomsor greenalgae.The important
polyunsaturatedfattyacidssuchasarachidonicacid(20:4n-6),EPA (20:5n-3),DPA (22:5n-
3)andDHA (22:6n-3)weresignificantlylowerin thecyanobacteriacomparedto others.
Thus, nutrientssuchasphosphorus,nitrogenand silicain ponds shouldbe properly
managedtopromotethedominanceof diatomswhich,notonlyformanimportantitem
in theaquaticfoodchain,butalsocontributestothemaintenanceofgoodwaterqualityof
thepond.
PondEffluents
Themostsignificantimpactofaquaculturewastesistheincreasednutrientconcentrations
innaturalwatersthatcanincreasethemicrobialandharmfulalgalpopulations.Themain
sourcesof thiswastearetheuneatenartificialfeedandthemetabolites,resultinginbuilt-
up of organicmatteranddeteriorationof waterqualityin aquacultureponds. Various
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nutrientsleachoutof thefeedpelletsandcontributeto theloadofdissolvednutrientsin
thewater.In theseponds,ammoniaconcentrationsusuallyincreasetoundesirablelevels
asthecultureprogressesduetounconsumedfeed,shrimpexcretion(Shishehchianetal.,
1999)andmicrobialdegradationprocesses.Unionisedammonia-nitrogenat>100Ilg/1
arereportedtobetoxictoshrimp(ChinandChen,1987).Prolongedexposuretounionised
ammoniaincreasesthesusceptibilityofculturedorganismstoinfections(Soderberg,1985;
YusoffandSubasinghe,1995). Thesedimentin culturepondsis usuallyblackin colour
afterthefirsttwomonthsdueferroussulphide.Thebottomsoil-waterinterphasenormally
has high concentrationsof hydrogen sulphide and ammonia,renderingthe place
unhabitableforbottomdwellingorganismsuchastheculturedtigershrimp,P.monodon.
In addition,theanoxicbottomsarenotsuitableformostbenthiccommunitieswhichare
importantfeeditemsfortheshrimp(ShishehchianandYusoff,1999).Underthiscondition,
shrimpsaredeprivedof theirlivefoodsources.
Waterexchangebetweenculturepondsandtheirsurroundingenvironmentis astandard
practicein aquacultureto avoid excessivebuild up of wasteproductsand increased
eutrophicationi ponds,andtomaintainhealthyplanktonbloom.Extensiveculturesystem
requireadailyexchangerateofupto5%,whereastheintensivesystemsrequireanexchange
rateof up to30%.Studiesofnutrientsbudgetindicatedthatmorethan76%ofnitrogen
and87%ofphosphorusinputsisretainedwithinthepondwaterandsediments(Robertson
and Philips, 1995). Thesenutrients,in water and sediments,are dischargedto the
surroundingenvironmentwheneverthepondwaterisexchanged,uringharvestsorwhen
thepondsaredredgedout.
Commonlyusedchemicalsuchasantibiotics,pesticides,anti-foulantsandhormonesmay
alsoposedangersin areasthatreceiveaquaculturedischarges.Hormonesareusedto
inducereproductivematuration,for sexreversalandtopromotegrowth. Bathandfeed
incorporatedhormonesareobviouslymoreof a concernthancontrolledinjectioninto
individualanimalsbecausetheybecomereadilyreleasedintosurroundingwaterswhere
theycanpersistin theenvironmentor aquacultureproducts.Many pesticidesusedto
controlparasitesand fungi arebiologicallypotentevenin quantitiesbelow chemical
detectionlimit (Choo,2001).
Dischargesfrom CageAquaculture
In Malaysia,fishcagesarenormallylocatedin protectedandusuallyshallowareaswith
generallylesswatercirculation,suchasinestuaries,baysorlagoons.In thisenvironment,
flushingtimeislongerandecosystemsmayreacheutrophicationlevelquickerthanthose
exposedoff-shoreareas.Constructionof cagecultureunitsis relativelycheapcompared
toequivalentland-basedstructuresandbybeingimmersedin naturalwaters,thesystem
avoidstheneedfor expensivedeliveryof cleanwaterandremovalofeffluents.
In cageaquaculturesystem,excessorganicmatter,includingexcretoryproducts,aredirectly
dischargedintotheaquaticenvironmentin ahighlybiologicalactiveform. Theeffectsof
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dissolvedwasteson theenvironmentdependon thespeedatwhich thesenutrientsare
dilutedbeforebeingassimilatedbythepelagicecosystem.Chemicalsusedincagefarming
suchasantibioticsandothercompoundsrangingfromverysimplematerialstocomplex
oneslikemalachitegreen,whichis carcinogenic,causedmuchconcernwithregardtothe
potentialenvironmentalimpact.
Many reportshaveshownlinkagesbetweencagecultureand the increasinglevelsof
eutrophication.Sorokinetal.(1996)reportedthatadensebloomof toxicdinoflagellatein
Italianlagoonwaslinkedtointensiveaquacultureactivitiesin thearea.Hall etal.,(1992)
foundthat67-80%of thenitrogenaddedtothecageislosttotheenvironment.In several
areasof theenclosedseasof Japanwherecageculturehasbeenpracticedfor manyyears,
sedimentsaroundfish farmmaybecomeanoxicduring summermonths(Pearsonand
Black,2001).In Malaysia,increasingnumberofcagesin narrowshelteredchannelcaused
waterqualitydegradation(Arulampalametal.1998),resultingin annualmassmortality.
In Sagulinghydroelectricdamin Indonesia,rapid expansionof cageculturefrom 756
unitsin 1988to4425in 1995resultedinhighmortalityoffishduetolow oxygenlevelsand
deteriorationofwaterqualityof thereservoir(Djuangsihetal.,1999).
Harmful Phytoplankton Bloom
Phytoplanktonbloomdueto therapid growthof oneor moremicroalgalspecies,may
leadto theproductionof toxinin sufficientconcentrationstoeliciteffectsobviousto the
publicatlarge.Harmfulphytoplanktonmaycontainpotentneurotoxins(e.g.brevetoxins,
ciguatoxins,domoic'acids,axitoxins,neosaxotoxinsandgonyautoxins),whichcanbecome
concentratedthroughbiomagnification,andposeaseriouspublichealththreat(Richardson,
1997).Onaglobalscale,approximately300peopledieannuallyasaresultofeatingshellfish
contaminatedwith toxicphytoplankton(Hallegraef,1993).Otherphytoplanktonspecies
containtoxinsthatcaninducesublethalresponsesin humanssuchasdiarrhoe,eye/skin
irritation,andbreathingdifficulties.Somephytotoxinappeartobecarcinogenic(Falconer
1991;Carmichael1992).
Redtideis acommonphytoplanktonbloomduetorapidgrowthof dinoflagellates,asa
resultof increasein nutrientsfromwaste-waterandsedimentdischarges.In Sabah,the
occurrenceof red-tideshasbecomean annualeventresultingin problemsrelatedto
paralyticshellfishpoison(PSP). In theStraitsof Malacca,occurrencesof harmfulalgal
bloomsoccurredin areasassociatedwith increasedactivitiesof aquaculturesuchasin
molluskcultureareasofftheMalaccacoasts(Antonetal.,2000)andin coastalareasin the
vicinityofshrimpfarms(Khoo,1985).In countrieswithhighaquacultureproduction,the
numberofred-tideincidencehasincreasedwithoutbreakscoincidedwithactivitiesrelated
toeutrophication(Choo,2001).
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DiseaseOutbreak
Anothermajorimpactassociatedwithaquacultureistheoutbreakofdiseaseinaquaculture
systemsand its spreadto naturalpopulations.Advancesin live aquaticanimaltrade,
facilitatedby improvedtransportationefficiencyarenow recognizedashavingplayeda
pivotalrolein theintroductionandspreadofpathogensanddiseasesinmanyaquaculture
systems(Subasinghetal.,2001).
In mostaquaculturesystems,crowdedandstressfulconditionsfrequentlyleadtooutbreaks
ofinfection.Shariffetal.(2001a;2001b)reportedthatculturedorganismstendtobeunder
stressandvulnerabletoinfectionsif thewaterandsedimentsarebad. In poorlymanaged
farms,shrimpyieldswerelow duetowaterandsedimentqualitydeterioration(Yusoffet
al.,2001a;Matiasetal.,2002).
In mid 1980's,Taiwanwasoneof thelargestproducersof culturedshrimp. However,a
combinationof industrialpollution,bacterialandviral diseasesled to 66%decreasein
productionin 1988(Chamberlain,1997).Similarlyin China,Chamberlain(1977)reported
thatthedeclinein shrimpproductionwas attributedto deteriorationin waterquality
linked to industrial,agriculturaland domesticpollution,and organicpollution from
adjacentfarms. White spotsyndromevirus (WSSV)was first reportedin Taiwanand
Chinabetween1991-1992,andis currentlythemajordiseaseaffectingalmostall shrimp
producingcountriesinAsiaandSouthAmerica(Subasinghetal.2001)).Shrimpfarming
in Thailandwasalsoaffectedby diseaseoutbreaks,andproductiondroppedby25-40%in
1996(Chamberlain,1997).Losseswerein therangeof US$400million in Chinain 1993,
US$17.6millionin Indiain 1994andUS$600millioninThailandin 1997(Subasinghetal.
2001).
In Malaysia,WSSVcausedmillionsoflossesandmanyfarmswereforcedtoclose(Shariff,
1998).Sincethereisnocureforthisviralinfection,preventionthroughthoroughscreening
ofthevirusandgoodmanagementpracticesareimportantoavoidheavylosses.In general,
environmentalparametersarevery importantin determiningthehealthandgrowthof
culturedorganisms(YusoffandSubasinghe,1995;Hoqueetal.,1998;Yusoffetal.,1998a;
1998d).In manycases,diseaseoutbreaksaredue to poor farmmanagementpractices
resultinginstress,whichin turnmaketheculturedorganismsmoresusceptibletodiseases.
ChemicalResiduesandDevelopmentofAntibioticResistantBacteria
In aquaculturepractices,manytypesof chemicalsareusedatdifferentstages,mainlyto
kill foreignorganismsor to improvesoil and waterquality. Theuseof pesticideand
piscicidesin aquacultureis toremovepestspeciesfromtheculturesystem.Residuesare
oftenhighlytoxicandmaypersistforweeksin thewaterandsedimentoftenkillingnon-
targetorganisms.InMalaysia,tea-seedcake(saponin-activeingredient),formalin,chlorine,
malachitegreenandcoppersulphateareusedtokill wild organismsthatmayinterfere
withtheculturedanimals.InAsianregion,theorganoplosphate,dipterex,iswidelyused
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tokill copepodsandothercrustaceansthatarecarriersofWSSV.Reportsontheimpacts
of theseresiduesinAsiancountriesarescarcealthoughsomestudiesin Europe(Egidius
and Moster,1987)indicatedthatusesof pesticidescouldbehighly toxicto non-target
organisms.
Theuseofantibioticsposesagreatconcernduetothepossibleemergenceandselectionof
antibioticresistantbacteria.It isgenerallyacceptedthatantibioticresistanceis associated
with its frequentusein theenvironment.Antimicrobialsusedin shrimpfarmsinclude
sulfonamides,tetracyclines,oxolinicacid,nitrofurans,chloramphenicolandvirginiamycin
(Shariffet aI, 2000). The residuesmay threatenhumanhealthby being acutelyor
cumulativelyallergenic,toxic,teratogenic,mutagenic,orcarcinogenic(Anon,1999;Choo,
2001).Longtermexposureto low concentrationsof antibioticsis knowntoenhancethe
developmentof resistantstrainsof bacteria,whichcaninfluencetreatmentherapyfor
fishandhumans,andlatertheenvironmentforaquaticfarming.In Vietnam,forexample,
it is easyto find antibioticresistantbacteriasuchasthoseresistanto chloramphenicol.
Transmissionof antibioticpathogenicbacteriaof animalorigintomanmaybepossible,
urgingtheimportingcountriestobeconcernontheimportof shrimp.
In theearly1990's,shrimpconsignmentsfromThailandandIndonesiawererejectedby
Japan,becauseofdetectionofantibioticresidues(Yashiro,1997).Rejectionofconsignments
fromAsiaintoEuropeanmarketindicatedthatsomeproducercountriesarestillusingthe
banneddrugsinaquacultureindustry.RecentexportsofshrimpsfromThailand,Myanmar
andVietnamwerebarredby theEuropeanUnionmembercountries,astheconsignments
weretaintedwith bannedantibiotic(nitrofuranandchloramphenical)residues(Anon.,
2002).Aftertherejectionofconsignments,hrimpproducingcountriesarescramblingto
overcometheuseof antibiotics.Perhaps,therequirementof residue-free-productsby
internationaltradeis oneof theeffectivemeansto discouragetheuseof antibioticsin
aquacultureactivities.Therehasbeena generaltrendin somecountriesto moveaway
fromheavyuseof chemicalsandto usemoreenvironmentalfriendlyapproachsuchas
loweringstockingdensityand usingprobioticsto improvewaterqualityand improve
production.
Impactsof ExoticSpecies
In Malaysia,mostof theculturedspeciesareexotics.In fact,aquaculturewhichbeganin
1930'startedwith thecultureofChinesecarps.Today,tilapia,whichwasintroducedin
Malaysiaduring 1940's,is oneof themostimportantcommoditiesin theaquaculture
industry.Bartley(1999)recordedthat654aquaticspeciesbelongingto140familieshave
beenintroducedthroughoutheworld.
Concernsrelatedtotheintroductionsofexoticsincludepotentialadverse cologicalimpacts
causingextinctionof thelocalflora andfauna,transmissionof unknowndiseasesand
alterationofhabitats.Exoticfishcaneasilyescapedfromthecages.Carnivorous-introduced
speciescancausedisplacementof indigenousspeciesby predationand competition.
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Baluyut (1983)reportedthat introductionof Oreochromismossambicusin Lake Butu
Philippineshasalmostresultedin theextinctionof localspeciesMistichthysluzonensis. In
fact,O.mossambicusintroducedinmanycountriesisconsideredapestandthreatonative
species(Pullinetal.1997).Yusoff(1990)illustratedthatwild tilapiasuppressedthegrowth
ofculturedcarpspecies.
Escapesof exoticspeciesmaydirectlyinterferewith theindigenousspeciesresultingin
competitionof resourcesor geneticpollution.In addition,thetransferofbroodstockand
frybetweendifferentregionsof theglobecouldhaveaneffectonbiodiversitythroughthe
introductionof exoticspeciesanddiseases.Taurasyndromecausedby TSV virusmay
havespreadthroughshrimpculturesbythetransferofdiseasedpostlarvaeandbroodstocks
ofPacificwhiteshrimp(Litopenaeusvannamei)whichoriginatedfromtheCentralAmerica.
Theimpactof thisintroducedvirusisunknown.In Malaysia,thecultureofwhiteshrimp
isbannedalthoughsomefarmersareculturingthisspecies.
Decreasein Biodiversity
Ecologicallybiologicaldiversityis definedastherichnessin variabilityandevennessin
distributionamongliving organismsatgenetics,speciesandecosystemlevels(Odum,
1993;TanandYusoff,2001).It isrelatedtothesustainableuseinthesensethattheutilization
of thebiologicaldiversityshouldnotleadtoitslong-termdeclinein ordertomaintainits
potentialtomeettheneedsof thepresentandfuturegenerations.
Aquaculturepracticeshavemanyeffectsonbiodiversity,rangingfromtheobvious(such
asthegeneticeffectsof largescaledeliberatereleaseof farmedfishinto thewild) to the
subtleeffectsuchasthecompetitionforresourcesbetweenescapedexoticswiththelocal
species.Impactsof aquacultureon biodiversityaremostlynegative(Beveridgeetal.,
1994).Aquaculturecanmodify,degradeordestroyhabitat,disrupttrophicsystems,deplete
naturalstocks,transmitdiseasesandreducegeneticvariability.Estuariesandbayshave
beenenrichedwithnutrientloadingsandbenthichabitatsaffectedbysedimentationfrom
aquacultureactivities.This overlayofsedimentcanalsoshiftthecompositionofbenthic
communitiestowardspollutiontolerantspecies,aclearbiodiversityeffect.Duringstorms,
thesedimentscanbedrawnupintowatercolumnsandcauseheavymortalitybyblocking
gillsofbivalves.
Until today,theglobalshrimpandprawnfarmingindustryreliedonwild-caughtlarvae
or larvaeproducedin wild-caughtfemalescarryingfertilizedeggs.Collectionof fry and
removalof gravidfemalesfromthenaturalenvironmentaffectsrecruitmentinto wild
populationsby reducingtheparentalstock.In the1980sandearly1990s,hugequantities
ofMalaysianshrimpbroodstocks,eachwithapriceofUS$150-300wereexportedtoTaiwan.
In recentyears,dueto shortageof spawnersfor own consumption,theexportof wild
caughttigershrimpwasbannedtopreventthecollapseofnaturalreproductivestocks.
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REMEDIAL MEASURES THROUGH ECOLOGICAL
APPROACH
An ecosystemis a naturalecologicalsystemin whichbioticand abioticfactorsinteract
harmoniouslytomaintainacomplexwebof life. Any aquaculturesystemcanbethought
of as an ecosystemthroughwhich theenergyflows alongthefood chainto drive the
ecologicalprocessesandmechanismsonwhichalltheorganismsdepend.Thestabilityof
thisecosystemdependson its complexityto ensuretheadequacyof thetrophiclevels,
whichin turnsdeterminesthecompletenessof thenutrientcycles.In a structurallyand
functionallyefficientecosystem,productionatonetrophiclevelisutilizedatthenexttrophic
levelalongthefood chain,and all thewastesareprocessesthrougha microbialloop,
generatingcontinuousnutrientcycleswith minimaladverseimpacts.
Mostaquaculturesystemsnowadaystendtomoveawayfromthebasictenetsof ecology
by alteringnaturalhabitats,destroyingtheirecologicalfunctionsandproducehighloads
of wastes.In mostcases,aquaculturewastesarenot treated,but dischargedinto rivers
andcoastalwaters,whicheventuallybecomepollutedoncetheircarryingcapacitiesare
exceeded.Thefurtherawaytheculturepracticedeviatesfromtheecologicalprinciples,
thehigheraretheenvironmentalrisksandtheadverseeffects.In extensiveaquaculture
systemwherefishdependsonnaturalfood,theadverseimpactsareminimalasthesystem
is structurallyandfunctionallysimilarto thenaturalone. Similarly,musselraft-culture
thatdependson in-situfood sources(autochthonous-basedorganicsource)is a good
exampleof efficiel!tutilizationof naturalresourceto producenewbiomass.Extensive
system,however,becomesless popular amongstaquacultureentrepreneursas its
productionis low andnotcommerciallyviable.
Commercialaquaculturesystemsnowadaysare mainly semi-intensiveor intensive
monoculturewith high loadingsof formulateddiets(allochthonous-basedsource)to
increaseyields.Excessfeedmayburdenthemicrobialprocesses,drivingtheenvironment
fromaerobictoanaerobic.BriggsandFunge-Smith(1994)indicatedthatin commercial
shrimpfarms,approximately80%of the carbon,75%of thenitrogenand 78%of the
phosphorusfromthefeedmaterialswerenotutilizedandenteredthemicrobialloop. In
addition,the anoxicconditionat thepond bottomprecludesany kind of life except
anaerobicmicroorganisms.Underthiscondition,againthefoodchainwill beinterrupted,
as theorganicmatterwill not be demineralizedaerobicallyin the absenceof aerobic
microorganisms.Instead,theanaerobeswill dominateand producetoxiccompounds
harmfultoallorganismsin theculturesystem.However,if theecologicalefficienciescan
be improvedandnutrientcyclescanbecompletedin aquaculturesystems,muchof the
wastescanbeturnedintonewbiomass.YusoffandMcNabb(1989)demonstratedthat
enhancementofprimaryproducers(phytoplanktonandmacrophytes)in pondsresulted
in higherfish yields,and wastesproducedwerenaturallyrecycledas to decreasethe
requirementof additionalfeeds. Thus,areaswiththemostpromisingimprovementsfor
aquaculturepracticeincludereductionofwastesthroughbettermanagementof external
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energysources(feeds,fertilizers,chemicals),maintaininghealthyaerobicmicrobialoop
(bioremediation),efficientutilizationoffoodsourcesalongthefoodchain(biomanipulation)
andoverallmanagementof thewaterandsedimentquality.All theseremedialmeasures
would notonly reducestressandaccelerategrowthof theculturedorganisms,but also
improvethequalityof aquacultureffluents.
In recentyears,aquacultureactivitieshavebeenundergreatpressurefromthegovernment
andthepublictoconformtotheregulationsandguidelinestoensuretheirsustainability.
FoodandAgriculturalOrganization(FAO)hasformulatedaprogrammeontheCodeof
ConductforResponsibleFisheries,withArticle9ofthecodedevotedtoaquaculture(FAO,
1995),andthedevelopmentof TechnicalGuidelinesfor ResponsibleAquaculture(FAO,
1997).
Utilization of NaturalEcosystemStructureandProcesses
Overcominghabitatdestruction
Oneof themostseriousenvironmentalconcernsrelatedtoaquaculturepracticeistheloss
ofnaturalhabitats,suchasthemangroves.Toovercometheseriousproblemsassociated
with clearingofmangrovehabitats,manyASEAN countriessuchasMalaysia,Indonesia,
Thailand,andthePhilippinesadvocateamangrovebufferzonebetweentheseaandthe
farm. Themangrovebeltactsasasinkandcanimprovethewaterqualitytotheshrimp
farmsaswell asprotectingthefarmfromerosion.In Malaysia,theNationalMangrove
Committee(NATMANCOM, 1986)recommendeda 100m wide bufferzonealongthe
coastbetweenthepondsiteandthemeanhighlevelof thesea.
Propersiteselectionis usuallythebesttoolto avoidadverseenvironmentalimpactsof
aquaculturepractices.Nearshoreareasareeasilyvulnerableto pollution causedby
uncontrolledeffluentdischargesfromlarge-scaleaquacultureoperationsincedeposition
of wastecouldbuild up overa largearea.Thus,offshoreareasaremoresuitableasthe
carryingcapacityof theareais muchlarger.Goodsiteselectionshouldincludeoptimal
flushinganddispersalofnutrientswhichcouldactuallypromoteproductivity,especially
in oligotrophicandmesotrophicsystemswith additionalsubstrateheterogeneitysuchas
thebuildingofartificialreefs.Thekeyissueisnottoallownutrientstocauseeutrophication,
buttobeutilizedefficientlythroughthefoodwebsof theculturesystems.
Mangrovecanbealsoaneffectivesinkfornutrientdischargesfromaquaculturefacilities.
RobertsonandPhilips(1995)showedthatapproximately3haofmangroveis requiredto
assimilatenutrientsloadgeneratedby1hasemi-intensiveshrimpfarm.Thus,thecapacity
of theproposedfarmsitetoassimilatenutrientsshouldbeexaminedprior toconsentof
usingthesitein ordertominimizepotentialimpacts.
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ReplacementofNatural SupplyofBrood-stocksandPost-larvae
Theheavypressurefromtheharvestof gravidfemalesandlarvaetosupporttheshrimp
industryin somecountriesuchasThailand,EcuadorandMalaysiahasadverselyaffected
therecruitmentof fry in thenaturalwaters.However,thereis still a heavyrelianceon
wild-caughtspawnersin shrimpfarmingsincethequalityofnaturalspawnersisfarmore
superiorthantheculturedones. Thus effortsshouldbe takento boostthewild stock
populationsby public stockingand conservationof habitatscriticalfor fish/shrimp
populations.In manyareas,thetrendistowardsmaintenanceofbroodstocksinhatcheries
and thecompleteclosingof life cyclein captivityusinginducedspawningtechniques.
The otherlong terminvestmentwould be to domesticatespawnersthroughselective
breedingoverseveralgenerations.
EfficientFlow of EnergyThroughFoodChain
Polyculture,thegrowingof two or morespeciesbelongingto differenttrophiclevelsin
thesamesystem,isthoughttohavebegunduringTangDynastyin Chinaduring618-904
AD (Choo,2001).As farbackasthen,basicprinciplesof ecologywereutilizedtoensure
thatnaturalenergyflowingthroughthefoodchainwasefficientlyharnessed.In general,
polyculturemakesbetteruseof theavailableresourcesandminimizewasteproduction
fromtheculturesystem.However,polycultureworkswell onlyif thereis no overlapin
thefeedingnichesofthedifferentculturedspecies.Applicationofpolyculturein intensive
farmingmayresultincompetitionforfoodandcausespoorergrowthofthemaincultured
species,if thesubordinatespeciesismoreefficientin feeding.Forexample,polycultureof
tilapiasandshrimpdid not increasetheshrimpyieldsasexpectedastheformerwasa
bettercompetitorfor feedthanthelater(Shishehchian,pers.comm.).
Efficient flow of energythrough the food chain can still be achievedin intensive
monocultureaslongastherearedifferentkeyplayersin eachtrophiclevel.In thiscase,it
is importanthatthenutrientconcentrationsandratiosin thewateraresuitabletopromote
thegrowthofbeneficialmicroalgae(YusoffandMcNabb,1997),whichin turnenhances
thegrowthofdifferentsizerangeofzooplankton,suchasrotifersandcopepods.Rotifers
andcopepodsserveasfoodfor thenexttrophiclevelsuchasthebenthos. In fact,both
zooplanktonandbenthosformhighlynutritiouslife feedfor theshrimpatdifferentlife
stages.Managementof life food sourcesfor culturedorganismshouldbeenhancedto
increaseitsgrowthrateandproduction.Bothfishandshrimpfedwith live-foodseemsto
havehigherresistanceto diseases.Enhancementof resistanceto whitespotsyndrome
virus(WSSV)in Penaeusmonodonwasobservedwhentheyarefedwith Chironomidlarvae
(Shishehchianet al., 2001).In addition,thegrowthrateof shrimpfed with combined
artificialdietandchironomidlarvaewassignificantlyhigherthanthosefedwith artificial
dietalone(unpublishedreport).
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Otheralternativesfor maximizingecologicalefficiencyareto practicecroprotationfor
pondcultureorsiterotationforcageaquaculture,allowingthesea-bedtoreturntonormal
conditionsfor severalmonthsbeforefarmingagain. In fact,thereis aneedof coupling
mariculturewith artisinalandsportfisheriesasaway of helpingnutrientstocycleand
produceadditionalpositiveeffectsorneutralizepotentialnegativeimpacts.
Integratedcultureis anotherconceptof increasingecologicalefficiencyby synergistically
utilizingtheoutputsof interrelatedfarmactivities,includingthewastes.Fertilizationof
pondswith organicmanurefromanimalhusbandryhasbeenwidelypracticedin Asia.
Wastesfrom oneactivity,suchaschickenfarmingcanbe usedto increasetheaquatic
primaryproductivitywhichin turnincreasesfishproduction(YusoffandMcNabb,1989).
This ecologicalapproachalsoenhancesthenutrientcyclingby efficientlyconvertingthe
wastesintofish flesh. However,waste-waterfed aquacultureis notacceptablein some
societiesduetofearsthatsuchasystemmaybehazardoustohealth.In thiscase,perhaps
it is moresociallyacceptableif waste-waterfedculturebeusedtoproducefish for mass
productionofhighomega-3fishmeatratherthanproducingfishforhumanconsumption.
In Malaysia,importofanimalfeedrunsintobillions,andoneof themainoperatingcosts
in mostanimalhusbandryin thiscountryis feed.Productionofcheaphighqualityfish-
mealcanhelpto reducethecountry'stradeimbalance.
In addition,utilizationofwaste-waterfromagro-industry,suchasanimalhusbandryand
foodrelatedindustrieshelpsto reducethelevelof excessnutrientsdischargedinto the
aquaticenvironmentandpreventpollution.YusoffandChan(1997)andHabibetal.(1998)
illustratedthatagro-industrialeffluentsofpalm-oilmillsandrubberprocessingfactories
haveadequatessentialnutrientstoproducehighqualitymicroalgae.In addition,Habib
etal.(1997)alsoshowedthatChironomidlarvaegrowninpalmoilmill effluentshadhigher
nutritionalqualitythanthosegrownininorganicallyfertilizedwater.In freshwaterculture,
organicallyrichwaterfromculturesystems(ponds,hatcheries,raceways)canbeusedto
fertilizecropsadjacentofishfarmsin anintegratedfarmingsystem.
AllochthonousLoading andBiomanipulation
AllochthonousLoading
Ratesandfrequencyoforganicloadingsintoanaquaculturesystemsuchasfeed,fertilizer,
andothernecessarymaterialshouldbeefficientlymanagedtominimizewasteproduction
and reduceproductioncost. In fact,feedingis themostexpensivepartin commercial
aquaculturefarming. In practice,overfeedingoftenoccursleadingnotonly tohighcost
productionand wastage,but alsowaterand sedimentqualitydegradation.In semi-
intensiveandintensiveaquaculturesystems,tonsofhighlyproteinaciousfeedareloaded
intocultureponds. In fact,thequantitiesof uneatenfoodandwasteproductsvarywith
speciesandthetype/qualityof feed. In intensiveshrimpculturepond,about15%is lost
throughleachingandunconsumedfeed(Primavera,1994).BriggsandFunge-Smith(1994)
foundthat60-70%ofthenitrogenaddedtoshrimppondis losttothesediment.Hall etal
FatimahMd. Yusoff:An EcologicalApproach: A ViableOptionfor AquacultureIndustryin Malaysia
(1992)notedthat67-80%of thenitrogenaddedtocagecultureis losttotheenvironment.
In intensivecultureponds,feedinputis highin proteins,resultingin highconcentration
ofammoniainpondwaterandtheamountofunconsumedfeedin intensiveshrimppond
wasreportedtobearound7-10tonnes/ha/crop(Raoet aI., 1997).
To reduceartificialfeedingin intensivecultureponds,growthenhancementof natural
feeditemssuchasmicroalgae,zooplanktonandbenthicorganismsshouldbe doneto
ensurethattheyareavailablethroughoutthecultureperiod. ShishehchianandYusoff
(1999)demonstratedthatshrimpsrelyonbenthicorganismsasoneof thepreferredfood
items,buttheseorganismswereonlyavailablein thefirstpartoftheculturecycle.Benthic
organismswerenotfoundduringthelaterstageofcycleduetothehighlytoxicenvironment
with high concentrationsof ammoniaand hydrogensulphide (Shariffet al., 2001a;
Shishehchianetal.1999;Shishehchianetal.,2001).In fact,if thereis adequatesupplyof
naturalfeeditems,artificialdietis notnecessaryin thefirstmonthofculture.
Formulatedfeedlow in phosphorusandnitrogenshouldbeusedin shrimpfarmingto
reducetheoccurrenceofeutrophication.However,noobviouseffortshavebeenmadein
thisdirection,perhapsduetoeconomicconstraintsandlackof environmentalpressures.
In aquacultureactivities,minimizingtheinputsofnutrientscanbeachievedbyimproving
theefficiencyoffoodconversion.Improvingfeedformulationtoachievebetterpalatability
and increaseduptakewould reducewastageand decreaseorganic loading to the
aquaculturesystemandrelatedenvironment.In addition,usingefficientstrainofcultured
organismswould alsoresultin minimalwastage.In Norwegiansalmonfaming,feed
conversionsratios(FCR)havebeencontinuouslyimprovingasfeedshavebeentailored
to dietaryneedsandreductionof wastage(Ennel,1995).Ackefors(1999)reportedthat
therewasadropin FCR in salmoncageaquaculturefrom2.3to1.3in Nordiccountries,as
a resultof decreasein nitrogencontentfrom7.7%to6.8%andphosphorusfrom1.7%to
1%. Moderndietstendtocontainmorelipid andlessproteinresultingin reductionof
FCR andnitrogenouswastes.
Biomanipulation
Environmentalburdensofaquaculturesystemsaremainlylinkedtowaterandsediment
pollutionresultingfromorganicloadingsandchemicalcompounds.Whileaquaculture
operationsproducepollutedeffluents,theoperationsthemselvesarethreatenedby the
poor qualityof watersupply. In spiteof therisk of self-pollution,effluenttreatmentin
mostaquaculturefarmsis almostnon-existentdueto economicreasons.However,this
practicehasto changein thenearfutureasshortageof watersupplyandpollutionwill
provokestrictregulations.
Toensuregoodqualityofwatersupply,BriggsandFunge-Smith(1994)suggestedtheuse
of influentreservoirtoreducenutrientlevelsthroughsettlementofparticlesin thewater,
for thecultureponds. In this reservoir,differentaquaticspecieswith variousfeeding
behaviour,suchasfilterfeeders(mollusks),detritalfeeders(shrimpsandcrabs),herbivores
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(zooplankotnandfishes)andcarnivores(aquaticinvertebratesandfishes)shouldbestocked
to utilizedifferenttypesof organicmatterandto improvewaterquality. Accordingto
Boyd(1996),chlorinationis usedwidely in aquaculturefor disinfectingfishandshrimp
hatcheriesandsometimesusedtodisinfectproductionpondsin preparationforstocking.
Nowadays,chlorinationin aquaculturehasbeenusedto destroypathogens,control
phytoplanktonabundanceandimprovewaterqualityincultureponds.However,theuse
of chlorinecouldmakethewatersterile,andbeneficialorganismshavetobeseededto
promotethelifefoodsupply.
Effortsshouldalsobemadetoensurethatwatersourcesfor aquacultureuseareof high
qualityandadequate.Artificialreefsseededwith microandmacroalgaewould increase
therateof nutrientsequesteringin thecoastalareas,whichreceivehighnutrientinput,
and thusimprovethewaterqualityfor theaquaculturesupply. Concomitantly,these
artificialreefareasprovidesuitablerefuge,feedingandbreedingareasformyriadsoffish
species(Hota, pers.comm.)
Oncein theculturesystems,effectivewatermanagementiscrucial,especiallyforintensive
grow-outculture,sinceit determinesthefinalproductionof thesystem.As thewater
progressivelybecomesemichedwiththecultureperiod,biofilmsorperiphytonaggregation
canbe usedto sequestertheexcessnutrientsin ponds and preventseutrophication.
Khatoonetal. (2003)exploredthepossibilityof usingperiphytonin shrimpponds,not
only tosequestertheexcessnutrients,butalsotoserveasfoodfor thetigershrimps. In
addition,theuseofmacroalgaesuchasGlacilariaandEuchaumatoutilizetheexcessnutrients
in aquaculturefacilitieswouldnotonlyimprove·thewaterquality,butalsoprovideextra
producefromthesystem.Macroalgaehasmanyusesin food,drugandcosmeticindustries.
Biocontrol
Biocontrolis aprocessof limitingor eliminatingpests/pathogensby theintroductionof
adverseorganisms,likeparasitesorspecificpathogensandithasgainedgreaterattention
in aquaculturein recenttimes(Gatesoupe,1999).Maedaet al. (1997)definedit as the
antagonismamongmicroorganismsthroughwhichpathogenscanbekilledorreducedin
numberin theaquacultureenvironment.Biocontrolcanbeobservedeithersinglyor in
combinationof inhibitionandcompetitiveexclusion.In the.former,themicroorganism
caninhibitthetargetedpathogen,butit replacesthepathogenby competingfornutrients
and/or spacein thelatter.Use of microorganismsto controlpathogensin aquaculture
pondsmightbeabetteralternativetoantibiotics(Austin,1985).
ThereisnoreportonisolationofBacillusspecieswithantagonisticpropertyfromthemarine
sediment,in particular,fromtheMalaysiancoastalenvironment.Our studies,however,
haveshownthreestrainsofBacillusspecies,whichwereisolatedfromthemarinesediment
showedantagonisticpropertyagainstpathogenicvibrios. The inhibitionpropertiesof
theseBacillusspeciescanbeutilizedtoprotectculturedorganisms uchasshrimpsfrom
pathogenicvibriosandwhitespotsyndromevirus (Yusoffetal.2001c).
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WasteManagement and Bioremediation
Aquaculturewastesshouldbemanagedandcleanedbeforebeingdischargedintopublic
waterstopreventeutrophication.Edwards(1993)reportedthatintensiveculturesystems
are22-44timesmorepollutingthansemi-intensivesystems.In fact,thewasteproblems
associatedwith intensivecultureofhigh~valuemarinefin-fishandshrimphaveledtothe
beginningsof reformin industrialpracticesin certaincounties.In Thailand,all shrimp
farmsofmorethan8hain sizearerequiredtohavesedimentationpondscoveringnotless
than10%ofpondareafor wastetreatment(Choo,2001).
Pondbottomsedimentisamajorsourceofnutrientsasorganicmatterfromuneatenfeed
andfecesaccumulatewiththeprogressof thecultureperiod.YusoffetaL(2001b)reported
that interstitialwater from thebottomsedimentis rich in nutrientscontainingtotal
phosphoruswith concentrationof>25.0mg/l andtotalnitrogenof >65.0mg/L Different
typesofmicroalgaesuchasdiatoms,greenalgae,andcyanobacteriashowedbettergrowth
rateandsuperiornutritionalqualitywhengrownininterstitialwaterextractedfromshrimp
ponds.Thegrowthratesofbeneficialmicroalgaesuchasdiatomsandgreenalgaecultured
in interstitialwaterweresignificantlyhigherthanthosegrowninstandardculturemedium.
Thisindicatesthatinterstitialwaterextractedfromaquacultureponds,in sterilizeddiluted
form, has thepotentialto be usedas effectiveand cheapmediumfor the cultureof
microalgaeonacommercialscalein areaswherepondaquacultureactivityis common.
Recoveryof nutrieptsfromtheeffluentwatercanalsobeaccomplishedby usingplants
suchasin theplantfilter(artificialgravelbedswithplantssuchasTypha,JuncusorPhragmites
in freshwaterand macroalgaeand sea-grassesin marinewaters)hydroponicsor even
biofilms.Sansana-yuthetaL(1996)in theirstudyofusingartificialwetlandtotreateffluent
watersfromshrimpfarmsreportedthatBOD andnutrientscanbereducedby 30-90%.
Nutrientsin theeffluentwatercanberecoveredinplant/algaltissuesuchashydrophonics.
In marineaquaculturesystem,seaweeds,plankton,bivalves,crustaceansandfishcanbe
usedtoefficientlytransferenergyatdifferentlevelsof thefoodchain.In thissystem,the
wastesatonelevelcanbeconvertedto theproteinatotherlevels.ChareonpanichetaL
(1993)showedthattherewas a rapid degradationof accumulatedorganicmaterialby
seedingseabedwith alargenumbersofCapitellasp.
Organicwasteswithoutchemicalcontaminationfromaquaculturefarmcanalsobeused
tofertilizenutrientpoorwatersin theoffshoreareas.Addingnutrientstothisoligotrophic
waterwouldeventuallyenhancefisheriesresources,especiallyin theoffshoreareaswhich
havegoodflushingratefor dispersalofnutrients.
Bioremediationisdefinedasabiotechnologicalprocessofreducinghazardouscompounds
to lesshazardouslevelsby using micro- or macroorganisms(Thomas~taI., 1992).
Applicationofbioremediationtechnologyin oil spills,agriculturalpollutionandseveral
otherindustrialpollutionshasbeenextensivelyused(Head,1998).
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Microorganismshaveahugemetabolicrepertoirethatenablesthemtodegradedifferent
organicpollutantsandin manycasesthecomplexbiochemistryandmolecularbiologyof
thecatabolicpathwaysinvolvedhavebeenunravelled(Head,1998).Despitevaluablebasic
knowledgeonthemechanismsofpollutantbiodegradation,bioremediationhasyettobe
acceptedas a routinetreatmentechnologyandtheenvironmentalindustryis wary of
applyingbioremediationfor thetreatmentof contaminatedsites.
Due to heavyloadingof organicmatterin aquacultureponds,it is essentialto rapidly
decomposeit to avoid its accumulationandharmfuleffects(Moriarty,1997a;1997b).
Naturallyoccurringmicrofloramightnot be ableto degradetheaccumulatedwastes
efficientlyin intensiveculturesystemandsupplementingthemwith selectedbacteriain
sufficientnumbersmightbeuseful(Moriarty,1996).Introducingactiveaerobicbacterial
populations(e.g.,Bacillusspecies)thatcanadapttorapiddegradationofcomplexorganic
compoundsmightbecomeaneffectivestrategy(Verschuereetal.,2000).Additionofselected
beneficialbacteriahelpedin improvingthehealthstatusofculturedorganisms(Rengpipat
etal., 1998a;1998b;2000).Our studiesshowedthatselectedBacillusisolatessignificantly
reducedtoxic ammonialevels in a relativelyshort period of time.Thesebeneficial
microorganismsmightbeofgreatusein formulatinganindigenousmicrobialproductfor
bioremediationin aquacultureponds(Devarajaetal. 2002).
Aquaculture,althoughoftenassociatedwith negativeimpactstopublicwaters,canalso
beusedasa formof managementandrestoration.Somefish species,suchasbighead
carps,silvercarpsandkissinggouramyarecapableofgrazingandthusreducingnuisance
algae(Arumugametal.1993).In Brazil,Starlingetal. (1998)usedsilvercarpsin net-pen
enclosurestoreducealgallevelsinman-madelakes.Thesenet-penenclosuresareextensive
cageculturewherecaptivefishfeedonorganismsavailablein situ.
In holding systemssuchas pondsor tankstheeffluentsshouldbe treatedto remove
suspendedsolids,thusdecreasingtheorganicload,whichlowerstheBOD (biochemical
oxygendemand)and COD (chemicaloxygendemand)in the wastewater and is a
prerequisiteinreducingtheimpactofdischargedwateronadjacentecosystems.Thesludge
from thepretreatmentandpost treatmentcanbe suppliedto an anaerobicdigestorto
producebiogas.Artificial gravelbedswithplantslikePhragmitesor Typhain freshwater
orseaweedsorseagrassinmarinesystemscanefficientlyremovenutrients.Posttreatment
of freshwater(Seawrightetal.,1998)andmarine(Neorietal.,1991)aquacultureffluents
indicatedpositiveresults.Thecombinationoffish,seaweedandinvertebrateanimalsreduce
nutrientdischargeandincreasesyields(Neorietal.,2000).
RecirculatingSystems
Watersupplytoaquaculturesystems(ponds,tanks,raceways)canbeopened(through-
flow)orclosed(recirculating)system.In anopensystem,thewaterispumpedfromnearby
riveror sea,passedthroughaquaculturesystemsanddischargedbackinto thesameor
differentwater-body.In thissystemtheincomingwateroftenneedstobetreatedbefore
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beingused,suchassettlingofsuspendedsolids,filteringorremovingplanktonanddebris.
At present,mostfarmsin Malaysiadischargeuntreatedeffluentsintothenaturalwaters
toavoidtheadditionalcostofwastetreatment.
Theshortageofgoodqualityfresh,brackishandmarinewaterisalreadycausingproblems
foraquacultureinmanyareasandit isexpectedthatthisproblemwill becomemoresevere
in thefuture. A majorproblemthataquaculturefarmsarefacedwith is theincreasing
levelsof generalenvironmentalpollution. In somecountries,semi-enclosedandclosed
systemsare usually used in areasprone to diseaseproblems. In the early days of
aquaculturewhen good qualitywaterwas abundant,thetraditionalpracticewas to
exchangepondwaterat therateof 20%per day. In shrimpfarming,dueto increasing
pollution,nowaterexchangeis usuallycarriedoutin thefirsttwomonthsofculture.In
thethird month,as muchas 10%of thewateris exchangeddaily,while in thefourth
monthmayrequirechangesof about20%of thepondvolume.
In Malaysia,morethan70%oftheriversarepollutedandwaterqualityofmostofestuaries
arein thethirdandfifthclass(DoE,2001).Recirculatingwatersystemwill overcomethe
problemofusingpollutedwaterandwill playanimportantroleforthefuturedevelopment
ofsustainableaquaculture.Recentshrimpculturepracticeshowsashifttowardsclosed-
culturesystemwherethereis nowaterexchangewithexternalsourcesduringtheculture
period,especiallyin areaspronetodiseases.
Therecirculatingsystemis awaytoachievecompletecontrolofwaterqualityin rearing
systems.Theprimarytreatmentis tomaintainwaterqualityin theculturetanksandthe
secondarytreatmentis to purify thewaterdischargedfromtheprimarytreatment.The
systemis basedon ecologicalprinciple,which involvesthetransformationof excreted
organicnitrogenandphosphorusintoinorganicformsbybiofilters,followedbyutilization
ofthesenutrientsbytheprimaryproducers.Therecirculatingsystemsusesdifferentlevels
ofwaterinputs,whicharefully automizedandincludecompletewatertreatment.Fish/
shrimparestockedathighdensitiesandtheyarefedwith artificialdiet. Wateris treated
to removesuspendedsolids and reducenutrientsbeforeit is dischargedinto the
environmento reducetheadverseimpacton the naturalecosystems.In recirculating
system,waterexchangeis lessthan10%of thesystemvolumeper day. Themake-up
wateris pumpedfromnaturalwatersandtheeffluentwateris releasedinto thenatural
watersafterposttreatment.
Advantagesof usingclosedsystemincludepreventionof mixingdomesticatedspecies
with wild populationsandreductionofeffluentsbeingdischargedinto thesurrounding
environment.Closedculturefacilitiesareexpensiveandcanonlybeaffordedby well-
capitalizedfirms,whichperceivegreateropportunitiesforlongtermplanningtominimize
risksandenvironmentalimpacts.Improvementsin thedesignandengineeringefficiencies
ofmodernrecycledaquaculturesystemswouldallowforhigherstockingrate,lessdisease
outbreaks,low operatingcosts,reductionof eutrophicationpotentialandaffordableby
themajorityof aquaculturentrepreneurs.
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CONCLUSIONS
Thecontributionofaquaculturetofoodproductionandsecurityisbecomingincreasingly
important.Technologicaladvancesimproveproductqualityandtheefficiencyby which
aquaticorganismsarebredandgrown. Forexample,in thepast,thefinancialsuccessof
someindustry such as shrimp farming has led to increasedproduction with little
environmentalplanning.Twoof theworld'slargestoil producers,theKingdomofSaudi
ArabiaandtheIslamicRepublicof Iran,areleadingthefrenziedrushtowardsmaking
shrimpfarminga majorindustry. Within thelastthreedecadesduringwhich shrimp
farmingbecameaglobalphenomenon,therehasbeennosubstantialscientificbreakthrough
beyondthepresentcapabilityofraisingshrimpintensively.Mostoftheshrimpsproduced
stillcomefromwild-caughtspawners.In addition,fishmealis stillamajorcomponentof
shrimpfeedsanddiseasestillposemajorrisks.Denunciationsbyenvironmentalistsover
commercialshrimpfarming'sperceivednegativeffectontheenvironmentremainstrident.
Aquaculturehasawide rangeofpotentialimpactsthatarebothharmfultotheindustry
itselfaswell ason thesurroundingenvironment.Theshortageof cleanwatersources
(fresh,brackish,andmarine)is alreadycausingproblemsfor aquaculturein manyareas
andit is expectedtobecomeevenmoreseverein thenearfuture.A majorproblemthat
aquacultureindustriesarefacedwith is theincreasinglevelsof generalenvironmental
pollutioncausedby itelf or industrial,domesticor agricultureactivities.Deteriorated
waterqualitywith low oxygen,high toxiccompoundsand toxicalgalbloomsareof
particularconcernasit could lead to a chainreactionleadingto low production.An
environmentalpolicytoreducedomestic,industrialandagriculturalnutrientsinputinto
aquaticecosystemswould probablyrestorethepristinequalityof theenvironment.
In addition,thecurrentmanagementpracticesin aquaculture,suchasthedischargeof
untreatedwaterandmismanagementof feedingcauseenvironmentaldegradationand
poor waterquality. Semi-enclosedecosystemsuchas shelteredbaysareparticularly
sensitivetopollutionresultingfromaquaculturepractices.Theeffluentsof aquaculture
industriescancarrynumerousrisks.Nutrientscontributetotheeutrophicationandvarious
substancesusedin intensiveaquaculturesuchasdisinfectants,antibiotics,bactericides,
fungicides,parasiticides,algicides,herbicides,piscicidesand hormones. It is widely
acceptedthatdiseaseoutbreaksin farmsis duetoenvironmentalstress.
While aquacultureis necessaryin caseswherethereis overexploitationof naturalfish
stocks,intensivesystem,whichrequirelargeinputof resources,maycausepressureson
capturefisheriesin general.More intensivesystemsareecologicallyunbalancedand
subsequentlycan contributeto environmentaldegradation. Thus, environmental
managementis requiredtominimizetheseverityof impactsontheenvironmentarising
fromaquaculture.In fact,systemecologyis advocatedasaframeworkfortheanalysisof
aquaculturesystemsandenvironmentalinteractions
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In spiteof themanyadverseenvironmentalimpactsarisingfromaquaculturefarming,
withpropertechnologyandfarmingmanagement,heindustrycanbemadesustainable.
Itisobviousthatenvironmentalconcernsneedtobeaddressedinparallelwithtechnological
obstaclesthatcurrentlyhindertheexpansionof aquacultureindustry. For a long-term
sustainability,it is pertinentthataquaculturepracticesshouldminimizeits hazardous
impactsonthesurroundingenvironmentwhereitsveryownproductiondepends. More
ecologically-basedapproachesandefficienttechnology,suchasclosedsystems,needto
be introducedfor a long-termviableand sustainableaquacultureindustry.Policiesto
regulateandpreventthedegradationoftheenvironmentshouldbegivenhighpriorityby
thegovernment.Besideselfpollutionfromaquaculturepractices,pollutionfromindustrial
and agriculturalbasedactivitiesalso requirestrictimplementationof laws to avoid
dischargeof pollutantsinto theenvironmenthathaveadverseconsequencestoaquatic
basedindustries.
Thepresentfindingsindicatethataquaculturepondmanagementshouldincludestrategies
to reducenutrientinputs (fromboth internaland externalsources),maintainaerobic
conditionin thepondincludingthemicrolayerbetweenthesediment-waterinterphase,
andmaintainappropriatenitrogen,silicaandphosphorusratiosin thewater.All these
would sustainsuitableplanktongrowth,andgoodwaterandsedimentquality,toenhance
shrimphealthandproduction.Thereisalsoaneedforfurtherresearchonbioremediation
whichshouldconsidertheuseofindigenousbacterialspeciestoimprovetheeffectiveness
andleastalterationstothenaturalecosystemforthesustainabledevelopmentoftheshrimp
industry.
Inconclusion,ecologicalapproachinaquacultureindustryneednotbelimitedtoproducing
productsat low levels. With themodernbiotechnologyand engineeringknow-how,
methodscanbe designedto harnessthenaturalresourcesto maximizeaquaculture
production,but at thesametimeprotectthevaluableenvironmentfromthehorrorsof
pollutionassociatedwith aquacultureactivities.
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